Abstract: Three simple, sensitive and cost effective Spectrophotometric methods are described for the determination of pitavastatin calcium (PST) in bulk drugs and in pharmaceutical formulations. These methods are based on the oxidation of PST by ferric chloride in presence of o-phenanthroline (Method A) or 2, 2' bipyridyl (Method B) or potassium ferricyanide (Method C). The colored complex formed was measured at 510, 530 and 755 nm for method A, B and C respectively against the reagent blank prepared in the same manner. The optimum experimental parameters for the color production are selected. Beer's law is valid with in a concentration range of 4-20 µg mL -1 for method A, 7.5-37.5 µg mL -1 for method B and 5 -25 µg mL -1 for method C. . Where as sandell sensitivities are 0.024, 0.041 and 0.028 µg cm -2 for method A, B and C respectively. The mean percentage recoveries are 99.95 for method A, 101.35 for method B and 100.33 for method C. The developed methods were applied for the determination of PST in bulk powder and in the pharmaceutical formulations without any interference from tablet excipients.
Introduction
Pitavastatin calcium (PST) is an anti hyperlipidimic agent and is chemically known as calcium (E, 3R, 5S) -7-[2-cyclopropyl-4-(-flurophenyl) quinolin-3-yl]-3, 5-dihydroxyhept-6-enoate, whose structure is given in Fig.1 . It acts by inhibiting the enzyme 3-hydroxy-3-methyl glutaryl-coenzyme A (HMG-coA) reductase. [1] [2] [3] Literature survey reveals that, one chromatographic method have been reported for the separation of pitavastatin and its optical isomers 4 and there are no spectrophotometric methods for the quantification of PST in pure drug and in pharmaceutical formulations. Hence the author has made an attempt to develop simple spectrophotometric methods for the estimation of PST in pure drug and in pharmaceutical formulations. The proposed methods are based on the oxidation of drugs by Fe 3+ in presence of o-phenanthroline or 2, 2' bipyridyl or potassium ferricyanide. The colored complex formed was measured at 510, 530 and 755 nm for method A, B and C respectively. 
Experimental

Apparatus
All spectral and absorbance measurements were made on a systronic model 106 digital spectrophotometer with 10 mm matched quartz cells.
Materials and reagents
All chemicals used were of analytical reagent grade. PST was obtained from Dr.Reddy's labs Hyderabad. Pitava 1(Zydus Cadila) is the commercial tablet formulation labeled to contain 1 mg of PST per tablet.
o-phenanthroline (0.2%) was prepared by dissolving 200 mg of o-phenanthroline in 100 mL of distilled water. Ferric chloride (0.5%) was freshly prepared by dissolving 500 mg of ferric chloride in 100 mL of distilled water. Orthophosphoric acid solution was prepared by mixing 8.5 mL of orthophosphoric acid with distilled water and final volume make up to 1000 mL. 2, 2' bipyridyl (0.2%) was prepared by dissolving 200 mg of 2, 2' bipyridyl in 100 mL of distilled water. Potassium ferricyanide (0.1%) was prepared by dissolving 100 mg of potassium ferricyanide in 100 mL of distilled water.
Stock reference solution (1000 µg mL -1 ) was freshly prepared by dissolving 100 mg of PST in 100 mL of methanol and then this solution was further diluted with methanol so as to obtain a working standard solution of200 µg mL -1 for method A, 150 µg mL -1 for method B and 100 µg mL -1 for method C.
General Procedure and Calibration
In methods A and B, different aliquots of working standard solution (200 µg mL -1 for method A and 150 µg mL -1 for method B) from 0.2-1.0 mL (for method A) or 0.5-2.5 mL (for method B) were transferred in to a series of 10 ml standard flasks. To each flask 1.0 mL of ferric chloride (for method A) or 1.5 mL of ferric chloride (for method B) and 1.5 mL o-phenanthroline or 2, 2' bipyridyl were added and kept in a water bath (60± 1 0 C) for 15 min, then immediately cooled to room temperature (25 ± 1 0 C) using a cold water bath and 1 mL of o-phosphoric acid was added. The solutions were made up to volume with distilled water. The absorbance of each solution was measured at 510 nm (method A) or 530 nm (method B) against the reagent blank. The calibration graph was then prepared by plotting the absorbance versus concentration of the drug. The concentration of the unknown was read from the calibration graph or computed from the regression equation.
In method C, different aliquots of stock reference solution (100 µg mL -1 ) from 0.5-2.5 ml were transferred in to a series of 10 ml standard flasks. To each flask 1.5 mL of ferric chloride and 0.5 mL potassium ferricyanide were added. The solutions were made up to volume with distilled water. The absorbance of each solution was measured at 755 nm against the reagent blank. The calibration graph was then prepared by plotting the absorbance versus concentration of the drug. The concentration of the unknown was read from the calibration graph or computed from the regression equation.
Procedure for Tablets
Thirty tablets were weighed accurately and ground in to a fine powder. An amount of powder equivalent to 25 mg of PST was weighed into a 25 mL volumetric flask, 10 mL of the methanol was added and shaken thoroughly for about 10 min, then the volume was made up to the mark with the methanol , mixed well and filtered using a quantitative filter paper. The assay of the tablets was completed according to the general procedure.
Results and Discussion
Methods A, B and C are based on the oxidation of PST by excess of ferric salt (Fe 3+ ) and the reduced state of Fe 3+ was utilized besides the unreacted Fe 
Effect of time and temperature
Three methods were tried on cold and it was found that methods A and B required 2 h for optimum color development. Method C needed 5 min for complete color development. Method A and B needed 15 min heating at 60± 5 0 C on thermostatic water bath for optimum color development. For this reason the heating time was selected to be 15 min for method A and B. Further increase in the heating time does not cause any change in color intensity, while raising the temperature above 80 0 C, the color intensity and the absorbance start to decrease.
Effect of reagent concentration
The results obtained showed that at least 1.0 mL of ferric chloride is required for maximum color development in method A and C and method B requires 1.5 mL of the same. The amount of o-phenanthroline, 2,2' bipyridyl and potassium ferricyanide required for optimum color development are 1.5, 1.5 and 0.5 mL for methods A,B and C respectively. The results obtained are shown in Figs. 2 and 3 . The color formed under these conditions in method A and B was stable for more than 3 h and in method C was more than 6 h.
Absorption spectrum and calibration graph
Absorption spectrum of the colored complexes was scanned in the double beam mode against a reagent blank in the range 400-800 nm. The reaction products show absorption maxima at 510, 530 and 755 nm for method A, B and C respectively. Calibration graphs were obtained according to the above general procedures. The linearity (eight replicates for five different concentrations) was checked by a linear leastsquares treatment. All the spectral characteristics and the measured or calculated factors and parameters are summarized in Table 1 . 
Sensitivity, Accuracy and Precision
Sandell sensitivity, molar absorptivity, precision and accuracy were found by performing eight replicate determinations containing 3/4 th of the amount of the upper beer's law limits. The measured standard deviation (S.D.), Relative standard deviation (RSD), and confidence limits (Table 1) can be considered satisfactory for all the three methods. 
Application in pharmaceutical analysis and a statistical comparative study
The proposed methods (A, B and C) were applied to the spectrophotometric determination of PST in commercial pharmaceutical formulations. The results obtained were compared statistically by the student's t-test and the variance ratio F-test with those obtained by applying the UV spectrophotometric method for PST developed in our laboratory on samples of the same batch and given in Table 2 .
The student's t-test values obtained at the 95% confidence level and five degrees of freedom 8 did not exceed the theoretical tabulated value of t = 2.57, indicating no significant difference between the methods compared. The F-value (5.05) also showed that, there is no significant difference between the precision of the proposed methods and the reference method. The proposed methods can be used for routine quality control and analysis of the PST in bulk as well as in their dosage forms. 
Conclusions
The proposed methods are simple, accurate and offer advantages of reagent availability and stability, less time consumption and high sensitivity. Although in methods A and B, the color development at room temperature requires 2 h for completion, this can be shortened to 15 min by raising the temperature to 60± 5 0 C .The proposed methods are suitable for the determination of PST in pharmaceutical formulations without interference from excipients such as starch and glucose and from common degradation products, suggesting applications in bulk drug analysis.
